ABSTRACT: Nowadays, many safety accidents are occurring at construction sites. Excavation accidents that concern construction machines are among the leading safety hazards in construction accidents. Therefore, the need for excavation experts is increasing. In this paper, an excavator simulator is presented for training human operators and for tasking in virtual earthworks. In this system, the operator controls a virtual excavator in a control station with a joystick, pedals, a graphic display, and sound effects.
INTRODUCTION
Excavator accidents are major hazards at construction sites.
To reduce excavator accidents, many researches on automatic excavation systems have been reported globally [1, 2, and 3] . These studies cover not only improved excavation systems, but also simulation training for excavator operators [4 and 5] . An excavator operator should be cautious with regard to safety while operating the excavator at the site, because prevention of accidents is demanded of operators.
For the excavator simulator in this study, an operating environment that was the same as the actual excavator test environment was realized for the training of excavator operators. This system consists of hardware, which include the motion and control systems, and software, which is the image system.
STRUCTURE OF THE SIMULATOR
As shown in Figure 1 , the simulator structure consists of the motion system (H/W) for the excavator operation, the image system (S/W) for the virtual environment modeling, the work station, and the total control system that includes the ADC controller.
H/W
The hardware of this simulator has image and motion systems. The image system has a 50" LCD monitor at the operator seat, which shows the motion synchronized to the operation by the operator. As shown in Figure 2 , the motion system has a hydraulic motion base with 6 degrees of freedom and a seating part. SIMUINE's hydraulic motion base, which is driven by a brushless servo motor with a 1,500kg payload, was used. The motion system was 3 m long, 2 m wide, and 2.5 m high. The seat part of the actual excavator was used. The Two analog-type joysticks were used for the simulator.
S/W
A DX140LC excavator (Doosan Infracore Co., Ltd.) and the actual construction site were 3D-modeled and provided in 3D images. The operator can select either the window that shows the excavator's exterior or the one that shows the frontal view from the inside of the excavator. Figure 3 shows the overall process flow. The operator inputs the data, which are delivered via the motion solver to the sound system, gauge system, and motion base. The resulting motion is displayed in the screen as it is. In addition, the status data of the excavator are always 
Control System
As shown in Figure 4 , the control system consists of the MCU and the SMCP, which are required to control the motion base; the motion solver system, which is used to synchronize the screen, gauge, and sound; and the host system, which is used to externally control the overall system. When the operator moves the joystick and pedal in the motion system, the motion is synchronized with the image system in real time. 
RESULTS
The simulator in this study, which was developed for training of excavator operators, is a virtual reality system that models the excavator and construction site based on the actual design information and controls the excavator using a joystick and a pedal. This simulator is meaningful in that it can be used by experts as well as ordinary people via 3D modeling of the construction site. Not only the excavator but also its boom, arm, and bucket can be controlled as necessary to ensure smooth excavation operation. By using this simulator to train skilled operators, the fuel cost of the excavator can be reduced, and its safety can be improved. This excavator simulator will be combined with the task planning algorithm of the intelligent excavation system (IES) to improve the simulation level to that of the actual excavation work. 
